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Chapter

Introduction

Fatigue and durability analyses are designed to determine how long a flexible body or specific
area of a flexible body modeled in RecurDyn can stably endure various dynamic loads. Such
analyses can also determine how stable a body is. The focus on time distinguishes these
forms of analysis from other analysis methods, such as those used to determine maximum
stress and maximum deformation rates.

RecurDyn, in consideration of the flexibility of the model, supports RFlex of FFlex bodies in
multi-body dynamic models. Therefore, this tutorial teaches you how to use the
RecurDyn/Durability module to analyze the durability of both the FFlex bodies and the RFlex
bodies.

The model being used in this tutorial is a simplified 4-cylinder internal combustion engine.
The crankshaft in this model has been replaced with an RFlex body, and the combustive
explosion process occurring in the four cylinders push the pistons to provide a dynamic load.
The durability analysis in this tutorial determines the stability and durability of the crankshaft
design.

Task Objectives

This tutorial covers the following:

» Replacing a flexible body using RecurDyn/RFLEX

» Verifying stresses using RecurDyn/RFLEX

» Recognizing the requirements for the durability analysis
= QObtaining durability analysis results

* Analyzing durability analysis results




RFLEX CRANKSHAFT TUTORIAL (DURABILITY)

Requirements

This tutorial is intended for intermediate users who have read and understood the basic
tutorial as well as the FFlex and RFlex tutorials available from RecurDyn. If you have not
completed these tutorials, then you are advised to complete them before proceeding with this
tutorial. In addition, this tutorial requires a basic understanding of dynamics and the finite
element method.

Tasks

This tutorial is composed of the following procedures. This table also shows the time required
to complete each task.

Procedures Time (minutes)
Calling an Rdyn model 10

Replacing an RFlex body. 15

Creating a patch set to verify the fatigue 5

results

Conducting a fatigue evaluation 25

Verifying the fatigue results 10

Total 65

/ Estimated Time to Complete

This tutorial takes approximately 65 minutes to complete.
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Chapter

Calling the Inital Model

Task Objective

This chapter teaches you how to open the initial model, simulate it, and observe how a 4-
cylinder engine model operates.

"/ Estimated Time to Complete

10 minutes
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Calling the Rdyn model

To run RecurDyn and call the initial model:

On the desktop, double-click the RecurDyn icon.
When the Start RecurDyn dialog window appears, close it.

From the File menu, click Open.

b=

Under the Durability tutorial path, select the
RD_Durability_4Cyl_Engine_Start.rdyn file. (The file location: <Install Dir> \Help
\Tutorial \Durability \RFlexCrankshaft, ask your instructor for the location of the
directory if you cannot find it).

Click Open.

The model is shown below opens.

Cylinder Block

Ul

Connecting Rod
N

\\) \
\

8
W

The above figure shows a model of an inline 4-cylinder engine, which consists of a cylinder
block, pistons, connecting rods, and a crankshaft. In an actual combustion engine, a gas
explosion forces the four pistons vertically into the cylinder block, causing the connecting
rods on each piston to rotate the crankshaft. In order to simulate such a process in
RecurDyn, you must simulate the timing of the gas explosion in the force profile and directly
assign it to the piston bodies as a vibration force.

To save the initial model:

1. From the File menu, click Save As.

(Save this model in the different path because it is impossible to simulate directly in the
tutorial path.)
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Running the Initial Simulation on the 4-Cylinder Engine
Model

In this task, you will run an initial simulation on the model to understand how it operates.

To run the initial simulation:

1. From the Simulation Type group in the Analysis tab, click Dyn/Kin.
2. The Dynamic/Kinematic Analysis dialog window appears.
3. Verify the simulation conditions and click the Simulation button.

Viewing the results:

When your click the Play button from the Animation Control group in the Analysis tab,
the fuel explodes in all four pistons in the following order:

Piston_1 = Piston_3 = Piston_4 = Piston_2. You can verify the size of the arrows indicating
the force in the animation. Generally, four processes occur in each stroke of the piston
(intake = compression =» explosion = exhaust). However, in the dynamic model used in this
tutorial, only the gas explosion force generated by explosion is significant. Thus, the force
profile was created with respect to the timing of the explosive force, and it was modeled in
order to assign force to each piston in the appropriate order.
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Chapter

Creating an RFlex Body

This chapter teaches you how to conduct a fatigue analysis on Flexible Bodies.

Task Objective

This task teaches you how to replace an existing rigid body with a flexible body using the

RFlex body feature provided in RecurDyn/RFlex and conduct a fatigue analysis on the flexible
body.

-
Estimated Time to Complete

15 minutes

w
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Creating an RFlex Body

To create the RFlex body:

From the RFlex group in the Flexible tab, click Import RFI.

Change the modeling option to
Body.

M|

Point

Paint

Group

In the Working window, select the Crankshaft, as shown below.

The RFlex Body Import dialog window appears.

5.

RFlex Body Import

[~ RecurDyn RFlex File

E—
[cranksnatt ]

oK Cancel | | Options

RFI File Name.

In the RFlex Body Import dialog window, perform the following:
=  Click the “...” button to the right of the RFI File Name text box.

= Select the Crankshaft_RFlex.rfi file, which is located in the same folder as the
RD_Durability_4Cyl_Engine_Start.rdyn file.

= Click the “...” button to the
right of the Reference text
box.

= In the Database pane, under
the Ground group, drag the
RFlex_Reference marker
and drop it in the Navigation
Target window, as shown in
the figure to the right.

DK [ostbese vy
- 4CylinderEngi
Mavigation Targ... % A P
= B “ Groups
Drop here from database ! L:_ILT] Bodies
Ground

...'

: j‘ Markers

----- j‘ InertiaMarker
----- j‘ Markerd

QYo Reference

Connect_Rod_1
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6. Verify that the most
recently selected
conditions match those —RecurDyn RFlex File
shown in the figure to the
right, and then click OK.

RFlex Body Import

BFI File Mame | lity_RFlex_Crankshaft\Crankshaft_RFlex.rfi || |

Body[Swapped) | Crankshaft |

Refererice | Ground.RFlex_Reference || |

| DK | | Cancel | | Options |

7. The RFlex body will replace the Crankshaft Body.

8. Click Icon Control in the toolbar, select All Icons and view the results. Ensure that all of
the joints that are applied to the existing crankshaft are still applied to the RFlex body.
After verifying the joints, clear the selected icons.

{ Icon Control X

—lcon On/Off

ER¥ Al icons|
[ Joint
- [AForce
[ Contact
[ sensor
[/ Parametric Point
-[AInitial Velocity
“[Z] Wall / Vessel
=[] All Markers
-[[] Center Marker
“[] General Marker
“[[Jinertia Reference Frame

Icon Size
Marker Size
Marker Z-Axis Width

Initial Velocity Width

11
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Conducting the Dynamic Analysis on the RFlex Body and
Reviewing the Results

To conduct a dynamic analysis on the RFlex body:

Select and right-click Crankshaft and click Properties.

The Properties of RFlexBody1 dialog window appears.

In the Properties of RFlexBody1 dialog window, on the Body tab, click Initial
Velocity.

In the Body Initial Velocity dialog window, perform the following:

In the Rotational Velocity group, select the X checkbox, and click PV.

Select Initial_Velocity in the Parametric Value List dialog window.

Click M to the right of the Reference Marker text box.

In the Database window, drag the Ground Inertia Marker and drop it in the
Navigation Target window. Click Close to close the dialog window.

5. The entire procedure is shown below.

Properties of Crankshaft [ Current Unit : N/kg/mmy/s/deg 1

General | Graphic Property | Origin & Orientation

Body | FEmfo. | RFex | Node Scope

Mass ‘ 17.3716938643466

—Translational Velocity

Body Initial Velocity

bee [30381,2256508031 | by [5.58174021017135¢-002 |
X pe57997228 | vz [457832287420483e-002 |
b.0s2440403 | ' [0.289630663979953 |

r Translational Velocity

Ox o w]
Ov o [~]
Oz [o [~]
Reference Marker |:|
r Rotational Veledty ————————— «
(A% [initisl_Velocity 7]
Or [o. [[ev]
Oz [o 7]

A x

Drop here from database !

Cx |O- "EI ss Center | 0.3710361874022, -115.741374278685, 22
Oy |{:. “EI &I Initial Velocity |
Parametric Value List

Oz e
Reference Marker "EI Parametric Values
— Rotational Velocity No DP| MName Value Comment :
Ox | =N - e -

X 0. \\ LV Degree 720. [E]
v |{‘.|. "El \\_i v End_Time EX_End_Time  E

W | Initial_Velocity Ex_Velocity E
Oz o e ] * -
Reference Marker | m\ A
| Close | | Cancel | \\
| [

A ACylinderEngine

Q Group

5

=-13) Bodies
=4 Ground

EY

P Co

Markers

i [

- by Marker2
i B, RFlex_Reference

nnect_Rod_1
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From the Simulation Type group in the Analysis tab, click Dyn/Kin. When the dialog
window appears, click Simulation to run the analysis without changing the settings.

It does not take long to complete the simulation. During the simulation, the animation is
similar to the previous crankshaft body animation.

13
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To display the distribution of stress in the RFlex body:

o 1. From the RFlex group in the Flexible tab, click Stress Strain Shape Generation.
St:a:)e 2. The Stress Shape Generation dialog window appears.
3. In the Stress Shape Generation dialog window, perform the following:
= For the RecurDyn/Flex Input File, specify the RFI file.
= Select Stress Shape.

= (Click Generate.

Strain Stress Shape Generation

RecurDyn/Flex Input File |D3"-.Crar‘|kshaft_RFIex.rfi " |

[] strain shape

Stress Shape

Generate | | Close

4. The status dialog window appears to display the stress shape creation progress, as
shown in the figure on the right.

Allocating memory... E
Computing strain & stress shape.

Writing strain or stress shape in RFI file,

Deleting memary.

Finished successfully,

Elapsed Time = 0 hour : 0 min: 3 sed u

Close

5. After the stress shape is created, click Close in both dialog windows.

Tip: Since the RFI file provided in this tutorial includes only the mode shape information, you
must add the stress shape information to the existing RFI file in order to view the stress result.
Naturally, this process will increase the size of the RFI file.

To view the simulated stress results in the contour view of RecurDyn/RFlex, you must
create output files, *.srd files, in the output folder. These files save the stress results for all
the nodes in the RFlex body. You can still see the results if you do not create output files, but
it may slow the contour animation.

14
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1 6. Under Contour, click Output A Output File Regenerator *
b Regenerator. [/5et same options for all RFiex bodies
Out.Regen [4] Displacement Data (rfta) [ Strain / Stress Data [*.erd, *.srd)
- Shell Recovery Type for Contour Displacement Precision (*.rfa)
(® Top ) Bottom () Float (@) Double

Beam Recovery Type for Contour

7. The Output File Generator
dialog window appears, as
Shown In the ﬁgure to the rlght- _N Bodies Ir ..__Duspla:e.. e[-i’ _5|-a .__Strc.. _Sua-nsnellT.. __sl-eusnell'l.. __Beanl Type __Dus. Preci... ]_

[
8. Click Output File Setting.

{®) Max Distance Oc Qo (@] OF ) Max Von Mises Stress

| 5train / Stress Gutput File Setting || ok | [ cancel
9. The Output File Setting dialog appears as Output File Sefting
shown in the figure on the right. - Strain
10. In th lick Select All dee o be De
. In the Stress group, click Select All. O Cew e
11. CI|Ck Close. et Oez =]
CJemr [ Emises
Stress
[ 5% [~ sv []sz
[ v [ svz [] sz
A siur ] smises
—Data Precision
() single [Float) (®) Double

Tip: When creating an output file, only the Von-Mises, Sx, Sy, and Sz tests are included to
reduce the file size. If you would like to view other results in the contour, you must select every
check button.

12. In the Output File Generator dialog window, click Generate.

13. When the file is generated, the Stress column Making animation fie...
in the Information table changes from Empty Current Index / Total Count 12 [ skip |
to Full. (Tip: If the output file was created ]
using the default settings, then the Stress
column changes to Partial rather than Full. This
is because out of 11 stress tests, only Von-
Mises, Sx, Sy, and Sz components are
conducted.)

|!Animation file for Crankshaft@4CylinderEngine |

\‘7 14. In the RFlex ribbon, click Contour.

contour 15, The Contour dialog window appears, as shown below.

15
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A’ Contour

- Contour Option
Animation Status

Type

Component
[] pisplay Vector 50.7087119001577
[CJuniform [l simple
[] Contact Surface Only
®) User defined contact surface

Contact patches only

X

—View / Reference Node / Reference Marker ——

Sel| Body

| Node D |

| sel| ori.

- Min/Max Option
[smises |
Type || User Defined [ v_]
Calculation
Calc, Result User Defined —
Min || o [ [ of
Max | | 725075 ([ 24|

[Jshow Min/Max [ Enable Log Scale

[Juser Defined Max Color

17 Crankshaft

3

— Contour Data Trace

—Band Option
Legend Type [Display [,]
taton  [ootm ||
Show Text Legend
Band Level(10~50)
 Style Option
Color Option Edit
Stye
Text Color
Exceed Max Color

Less than Min Color | Min Color =

Max Color - \

Sel Body

Node ID

[ Add

] [

Delete

]

— Contour Element Set Selection

Contour Part

[CJuser Defined Min Color [IMesh Lines Line Color o | |||\l Add | | Delete |
Enable Contour View
- T T

16. In the Contour dialog window, perform the following:

= In the Min/Max Option group, click Calculation.

= In the Min/Max Option group, set the Type to User Defined.

= In the Max text box, type 20.

= Click OK to close the dialog window.

17. Click Animation Play.

18. The results appear on the

model, as shown in the
right figure.

1.40e+001

16
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Chapter

Conducting the Durability
Analysis

Task Objective

This chapter teaches you how to analyze the durability of the RFlex body.

;
Estimated Time to Complete

30 minutes

17
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Conducting the Durability Analysis

To create a patch set:

Double-click Crankshaft to enter RFlex Body Edit Mode.
' 2. From the Set group in the RFlex Edit tab, click Patch Set.

3. Click the Add/Remove button, as shown below. Then, hold down the left mouse button
Patch and drag the cursor across the model to select the entire body.

TR

Patch Set [ Current Unit : Nykg/mmy/s/deg ]

- External Patch Set

Color

h Add/Remove
Add/Remove (Continuous) | Tolerance ([Degree)

[J check Reverse Direction

Add/Remove (Select Front]

D Preview Marmal

Mormal Adjust
Automatic [ Autosdiust | | Switch |

Manual | Select Target ‘ | Switch ‘

Mo. of Patches |D |

4. Right-click the selected body and click Finish Operation in the context menu.
5. In the Patch Set dialog window, click OK.

6. After the patch set has been created, click Exit in the Exit group of the RFlex Edit tab
to return to the parent mode.

18
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To retrieve the animation file:

From the Animation Control group in the Analysis tab, click Reload the last animation
file, as demonstrated below.

X CEEETS Ik

U Home SubEntity Analysis Professional Flexible Crurability 156G Colink AutoDesign Caol
4 & I = FE®
Dyn/Kin Eigen Scenario DOE 5: i Init
Simulation Type Simulation Control Animation Control

Note that all of the animation-related buttons are activated.

Tip: When creating the patch set for the RFlexBody1, it may appear as though the previous
analysis results are no longer available. However, that procedure does not affect the dynamic
analysis results. Therefore, there is no need to perform the dynamic analysis again. You can
simply retrieve the animation file, or the RAD file, for the previously analyzed result.

19



RFLEX CRANKSHAFT TUTORIAL (DURABILITY)

To set the analysis preferences:

3&; 1. From the Durability group in the Post Analysis tab, click Preference to open the
y Preference dialog window.

2. In the Preference dialog window, on the Material tab, specify the path to the Material
Library file for the fatigue analysis.

(C:\Users\<Your Windows Login ID>\Documents\RecurDyn\<RecurDyn Version> or an
equivalent path depending on the OS environment)

Preference

3. On the Fatigue Influencing Factors tab, in the Fatigue Factors group, set the Notch
Factor Amp (Kf, Kt) to 1.2, as shown below.

Preferences
Convergence Control I Rainflow Counting
Material | Fatigue Influencing Factors

— Fatigue Factors

Natch Factor Amp [KF, K1) [1.2 flpv]
Surface Factor (ms) |Polished |~ |10 |
Size Factor [md) . [pv]
Load Factar [mt) 1. [Pv]
Other Factor [mo . [pv]

— Owerall Scale Factor

Scale Factor (fs) . [pv]

o] 4 || Cancel || Apply |

4. The Notch Factor increases the analytically derived stress value to account for stress
concentrations due to cracks, holes, and notches (V grooves) caused by the design and
processing of the structure. Therefore, the larger the notch factor value is, the more
severe the durability analysis will be.

5. In the Preference dialog window, do not change the Convergence Control or Rainflow
Counting values, and click OK.

20
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To conduct the fatigue evaluation:

k:) 1. From the Durability group in the Post Analysis group, click Fatigue Evaluation.

iR 2. The Fatigue Evaluation dialog window A Fatigue Evaluation *
a ppea rS . Axial Mode () Uni-Axial (™) Bi-Axiall

3. In the Fatigue Evaluation dialog window,
perform the following:

=  For the Axial Mode, select Bi-Axial.
* Change the Life Criteria to Safety

(O stress - Based (O Strain - Based (®) Safety Factor

Life Criterion IGooomnn j

=

Factor.
Searching Increment I 5 Deg ‘l
= For the Life Criterion, select Materia :
Goodman. Material < mm-N > | isteen 1020 [ Sample.xml | : H |
= Set the Searching Increment to 5 ement/ Pt 1]
Time History History_1 SEL
Deg. o [ '

[] Pre-stress File
[JRecalculate Recovery Data
[~ Fatigue Results

Time Range Face Node ID Safety Factor (Min.)

Import | | (=13 Cancel

H H A\} 14
4. In the Materials group, click the ... :
Material Manager
button.
Select Sample.xml ‘vH Mew Library |
5. When the Material Manager dialog unit [mmn [+]
window appears, perform the following: e | rereence | oesciption | vla)
. . [Steel] H11/660 SAE 11099, FEB. 1975 Entry 5, data ref 6/]..
6. Select and rlght'C“Ck [SteeI] 10201 and [Steel] RQC100 SAE 11099, FEB. 1975 Entry 12, data ref 1... E|
C|IC|( Make Actlve in the Context menul as [Steel] 10B62 SAE J1099, FEB. 1975  Entry 13, data ref 7,...
. y i [Steel] 1005/90 SAE 11099, FEB. 1975 Entry 17, data ref 7.
shown in the figure to the right. [Steel] 1005/327 SAE J1099, FEB. 1975 Entry 16, data ref 7...
[Steel] 1015/50 SAE 11099, FEB. 1975 Entry 18, data ref 4...
7. Click OK. [Steel] 1045/225 SAE 11099, FEB. 1975 Entry 21, data ref 7.
[Steel] 1045/390 SAE 11099, FEB. 1975 Entry 23, data ref 7.
[Steel] 1045/410 SAF J1099, FEB. 1975 Entry 22, data ref 7.
[Steel] 1045/450 SAE 11099, FEB. 1975 Entry 24, data ref 7.
[Steel] 1045/500 SAE 11099, FEB. 1975 Entry 25, data ref 7.
[Steel] 1045/595 SAE 11099, FEB. 1975 Entry 26, data ref 7.
[Steel] 1020 : 2 | Entry 19, data ref1.. | |
[Steel] 1040 [ bake Active | Entry 20, data ref 1...
[Steel] 1144 Edit... Entry 32, data ref 1...
[steel] 1541F Famie Entry 34, data ref 1...
[Steel] 4130/258 Entry 39, data ref 1...
[Steel] 4130/365 Cut Entry 40, data ref 1...
[Steel] 4142/380 Copy Entry 44, data ref 6.
[Steel] 4142/400 - Entry 45, data ref &...
Delete
[ oc |

21
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8. Click the EL button to the right of the Element/Patch Set text box.

Select the Patch Set for

Time History
RFlexBody1.
10 d f' d Mo Use| Mame Time Range m'
A Time History set is define 1 [ Histo
. ry_1 1,721 R |
already, in the Time History
dialog window. To change the
range of time, click R.
| | Cancel
11. In the Time Range dialog window, Time Range x
click All.
12. Click Close in the Time Range dialog T — Time step | %
window. ] 0. =
13. Click OK. 2 5.55555555555...
3 111111111111,
4 1.66666666666...
5 2.22222222222...
6 27TTTTTTTT7T.00
7 3.33333333333..
3 3.88888888868,.,
9 444444444444,
10 5.e-004
11 555555355555, ]
| selection by simple Rule | | All | [ mothing |

14. Click Calculation.

Fatigue Results

Time Range Face Mode ID | Safety Factor (Min.}
Histary_1 77,1909,1910 2,18658827852219
| Fatigue Tools | | Impaort | Calculation | | oK | | Cancel |

15. A progress bar appears to display the fatigue analysis progress. Upon completion of the
analysis, the results will appear in the results group, as shown in the figure to the right.

22
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16. In the Fatigue Evaluation dialog window, click
Fatigue Tools.

Fatigue Tools
Tmerisoy (AT - |
Click the Rainflow Counting button in the Patch Infao.
Fatigue Tools dialog. @® Max Damage
As shown below, the Rainflow Counting
results in the Excel are based on the Stress

OUser-defined
NodeDs [77,1908,1910

Time History applied to the patch zone where

the damage is largest. The results are displayed

in the numbers of cycles according to the stress
amplitude and the mean stress.

Rainflow Counting

| | Plot History |

Rainflow Counting (History_1)

Cycles

/ 9.792E+01
==/ 7570E+01
/ 5.347E+01
3.125E+01

Mean

Range

Click the Plot History in this dialog.

As shown below, it is possible to check the Stress Time History on the patch
A Original History

which has the maximum damage results among the defined patches.

@Bk OQNAEPSD | & EE| & E

100.00 -

)
50.00 - A// !
0.00 -
-

3 / J"
i
1
i
\
-50.00 - \

e

o
—
L

1

i / y
\ 3

“/ “ /

N ‘I
-100.00 - v Lt
N

0.000 ©0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040

Time
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To verify the contour results:

a 1. From the Durability group in the Post Analysis group, click Contour.

contowr 2. The Durability Contour dialog window Durability Contour
appears. Time History [History_1 [+
3. In the Durability Contour dialog window, View Type [ Contour [+
perform the f0||0W|ng: ~Contour Option —————————————— ~5tyle Option
= Click Calculation. Safety Factor Color Option
- Colors Spectrum
= Select Enable Log Scale. ETI
- - . legend e [Dispy ||
= Click Contour View to view the results. ot Color =]
Location !
D Show Text Legend
Band Level{10~50}

~Min/Max Option

Omeshtines [ -]
Vector Color Iil

Vector Size Factor | 5.07

Min |2.7006 2.7006 Probe Option ——————————————
Max | 22918 22913 O Node

| Display | v |

I Calculation I

[ Show Min/Max ®ratcn
|Enable Log Scale |
Eiah =it Show Probe Results
| View | | OK |

4. To make the results more visible, click Edit in the Style Option group of the Durability
Contour dialog window, and change the colors as follows.

Select Band Color Select Band Color
First Band Color (vin) | [ AN - | First Band Color (vin) | [ NNMMN - |
Last Band Colar [Max) |_ - | Last Band Colar [Max) |_ - |
| oK | | Cancel | | OK | | Cancel |
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To change the materials and conduct another fatigue evaluation:

1.

RFLEX CRANKSHAFT TUTORIAL (DURABILITY)

Click Contour View again to highlight the least durable sections in red, as shown below.
This makes it easier to identify the areas with a relatively short fatigue life. (Tip: At this
point, if you would like a more detailed Contour Plot, then select Wireframe in the

toolbar before viewing the results.)

NS 2

o i

In the Fatigue Evaluation dialog
window, in the Material group, click the
“...” button.

The Material Manager dialog window
appears.

Right-click the list, and click New
Material in the context menu, as shown
in the figure to the right.

Material Manager

Select |Samp|e.xm| |v| MNew Library
Mame | Reference | Description | ¥i

[Steel] MANTEM
[Stainless Steel] 304160
[Stainless Steel] 304/327
[Stainless Steel] 310/145
[Steel] AM350

[Steel] GAINEX

[Steel] RQC100

[Steel] 10B62

[Steel] 1005/30

[Steel] 1005/327

[Steel] 1015/80

[Steel] 1045/225

[Stael] 1045/390

[Steel] 1045/410

[Steel] 1045/450

[Steel] 1045/500

[Steel] 1045/595

[Steel] 1020

[Steel] 1040

ICaall 1144

SAE J1099, FEB, 1975
SAE J1095, FEB. 1975
SAE J1094, FEB. 1975
SAE J1099, FEB. 1975
SAE J1099, FEB. 1975
SAE J1094, FEB. 1975
SAE J1099, FEE. 1975

Entry 61, data ref 3...
Entry 36, data ref 1...
Entry 37, data ref 1...
Entry 38, data ref 1...
Entry 5, data ref 1/...
Entry 7, data ref 7/[...
Entry 8. data ref 6,1...

[ ]

SAE J1099, FEB. Make Active
SAE J1099, FEE. it

SAE J1099, FEE. _
SAE J1099, FEB. New Material...
SAE J1099, FEB. —

SAE 11099, FEE.

SAE 11059, FEB. Copy

SAE J1099, FEB. Paste

SAE J1099, FEE. B

SAE J1099, FEE.

SAE 1099, FEB. 1975
SAE J1099, FEB. 1975

SAE J1099, FEB. 1975
CAE NGO EFR 4070

Entry 26, data ref 7...
Entry 19, data ref 1...

Entry 20, data ref 1...
Frtrm: 37 Aata raf 1
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4. In the dialog window to create the new material, perform the following:
=  For the FatigueLimitStress value,

= For the Name, enter Crankshaft_

enter 400.

Material.

= For the UltimateStrength, enter 850.

» Click OK.

Material: Crankshaft_Material [mm-M] Material: untitled [rmm-MN]

(2] 4 4
TransitionFatiguelife |Z| El Cyclic Properties -

B Misc CydicStrainHardeningExponen |
Description CydicStrengthCoeffident
LastModifiedDate 2017-05-17 16:05:07 CydicieldStrength
Name Crankshaft_Material E Fatigue Properties
Medifier FatigueDuctilityCoefficient =
Reference 1 FatigueDuctilityExponent
Tags FatiguelimitinCydes

H Monotonic Properties FatiguelimitStress 400
ModulusOfElasticty FatigueStrengthCoeffident
ModulusCfShear FatigueStrengthExponent W
PercentReductionInArea = TransitionFatigueLife
PoissonsRatio B Misc
TrueFractureDuctility Description
TrueFractureStrength LastModifiedDate
850 Mame Crankshaft_Material
YieldStress = Modifier |Z|

UltimateStrength UltimateStrength
OK | | Cancel OK | | Cancel

Tip: The material property information required to derive the safety factor is the fatigue limit
stress and the ultimate strength. However, the fatigue limit stress is not available in the
material property information provided by the material library. In such cases, the cyclic yield
stress is used instead of the fatigue limit stress information to derive the safety factor. However,
when creating a new material to calculate the safety factor in this case, enter the fatigue limit
stress directly.

5. Return to the Material Manager dialog window, right-click the newly created
Crankshaft_Material and click Make Active.

6. In the Material Manager dialog window, click OK.

[High-Temperature Alloy] ...  SAE J1099, JUN1998  ENTRY 13; TABLE 4B...

Crankshaft_Material ——.

[High-Temperature Alloy] ... SAE J1089, JUN1998  ENTRY 12; TABLE 46... H

_ | Make Active |
4] m | i [»]
I: Mew Material. ..

7. 1In the Fatigue Evaluation dialog window, click Calculation.

26



RFLEX CRANKSHAFT TUTORIAL (DURABILITY)

8. The safety factor is calculated again, as shown below. The fatigue limit stress and the
yield stress of the new crankshaft material are much greater than those of [Steel] 1020.
Therefore, the minimum safety factor result is larger than that of the previous result.

4 Fatigue Evaluation X
Axial Mode (O Uni-Axial (®) Bi-Axial
r~ Life Criteria
OStress - Based OStrain - Based @Safety Factor
Life Criterion |Goodman |'|
Goodman
class B
2 |
Searching Increment |5 Deg |V|
 Material
Material < mm-M = |Crankshaft_|\-13teria| [Sample.meHz‘
Element / Patch Set [ Crankshaft.setPatent [[e]
Time History [ History_1 |

Cceurrence |1. |

|:| Pre-Stress File | |

|:| Recalculate Recovery Data

Fatigue Results
Time Range Face Mode ID Safety Factor (Min.) |
History_1 77,1909,1910 3.32987598066552
Fatigue Tools | | Import | | Calculation | | oK | | Cancel

To reset the patch set and derive the safety factor again:

In the previous procedure, you derived the safety factor by selecting the patch set for the
entire surface of the RFlex body. Consequently, the calculation takes a considerable amount
of time. You can decrease the calculation time by only performing the fatigue analysis on
specific sections. Choose these sections based on the Von-Mises stress contour results, and
set the patch set only for those specific sections. To do so, follow these steps:

1. Double-click the RFlexBody1 to enter RFlex Body Edit Mode.
2. From the Set group in the RFlex Edit tab, click Patch Set.
3. In the Patch Set dialog window, perform the following:

= For the Tolerance (Degree), enter 60.

= C(Click Add/Remove (Continuous), and select an element of interest, as shown
below.

» If the degree difference between the Normal Vectors of the selected patch and
neighboring patches are within the range of 60 degrees, then the system
automatically selects it as the patch set.
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Right-click the element and click Finish Operation in the context menu.

[ ]
= On the General tab, change the name to Checking_Point_1.
Patch Set [ Current Unit : N/kg/mmy/s/deg ] Properties of SetPatchz [ Current Unit : MN/kg/mmy/s/
General | External Patch Set | General | External Patch Sat |
Color || Automatic | - | Mame IChecklng_Polnt‘l I
Add/Remove Unit
Force | newton | - | MEKS
| Add/Remove [Continuous) | Tolerance [Degree) Mass | lener | _ | MMKS
[J check Reverse Direction Length |mi||imEtEr |'| [ ces ]
[ Add/Remove (Jlect Front) | Time [second [=] s
Add (Modk Set) Angle [degree [-] FPS
[ preview Maornfhl
Mormal Adjust
Automatic Auto Adjust | Switch |
Manual Select Target | | Switch
No. of Patches [1as8
oK | | Cancel OK | | Cancel | | Apply
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4. Repeat step 3 to create three more patch sets, as shown below. At this point, the names
of the patch sets should be Checking_Point_2, Checking_Point_3, and

Checking_Point_4.

\

Checking_Point

Checking_Point Checking_Point
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5. After you have created the four patch sets, you can view the patch set information in the
database, as shown in the figure to the right:

6. Confirm that the patch sets were created successfully, and then click the Exit icon from

the Exit group in the RFlex Edit tab
to return to the parent mode.

Fatigue Evaluation

7.  From the Animation Control group in frltode ®.rT QI
the Analysis tab, click Reload the last | [ <"
animation file. (T) stress - Based (7) strain - Based (®) safety Factor
8. From the Durability group in the e criterion [Gooman ]
Durability tab, click Fatigue.
Mean Stress Effect | |v|
9. When the Fatigue Evaluation dialog T [qasss E
window appears, change the name of
the Element/Patch Set to R 2 |
Crankshaft.Checking_Point_1. Do P b [50eg [-]
not change any other settings. e
Material < mm-N > | Crankshaft_Material [ samplexmi| [...|[ H |

10. Click Calculation to produce the Element / Patch Set | crankshatt.Checking_Paint1 [[Ec]
calculation results. E2IT [ istory_t | [s1]
Octurrence | 1, |
Fatigue Results
11. Note that the calculation time is much Time Range Face Node ID safety Focor (Min)_|
faster than before Histary_1 1552,1550,256 7.13752201875641
12. Click OK.
| Fatigue Tools | | | Calculation || oK | | Cancel

13. From the Durability group in the Post Analysis tab, click Contour.

dciidetEngine [
Time = InifiaStaf

14. In the Contour dialog window, c

Durability Contour

lick Calculagion.

Time History History_1 [~
Contour Optian - Style Option
Safety Factor Color Option
| L —! spectrum || [
Style Stepped | f
| Legend Type Display [~] [+ L
Tt Color +

Locstion sotom [~

| | OshowText Legend

—
‘ Band Level[10-50)

- Min/Max Option
[IMesh Lines

Calculation Vector Size Factor

Min |8.0086 8.0086 - Probe Option

@r

[ show Min/Max

Enaiielugsaae Show Probe Results

[ Bpor ]| View ][ ok ]
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15. Click Contour View to show the result for Checking_Point_1, as shown below.

16. Perform the same procedure to get the results for Checking_Point_2,
Checking_Point_3, and Checking_Point4.
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Chapter

Analyzing and Reviewing the
Results

Task Objective

This chapter teaches you how to analyze and review the safety factor results of the model.

;
Estimated Time to Complete

10 minutes
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Analyzing the Safety Factor Results

The fatigue results from the durability analysis include the safety factor and the fatigue life.
In general, a safety factor represents the relationship between the maximum stress and the
allowable stress. However, the safety factor in the fatigue analysis indicates a different
relationship.

= As shown below, the straight (Goodman method) and parabolic (Gerber method)
equations for the relationship between the fatigue limit stress and the ultimate strength
produce the minimum safety factor using the Rainflow Counting results (mean stress,
stress amplitude) necessary for durability analysis.

Stress Amplitude, o,

—— Goodman

; 59 r T~ Gerber

v,

Compressive mean Tensile mean

P
»

Sy Mean Stress, g,

» Therefore, the fatigue limit stress and the yield stress are sufficient to derive the safety
factor. In this tutorial, you have also used these two data items to derive the safety factor
of the crankshaft material created during the new material creation process.

» The first durability analysis performed in this tutorial took approximately 2 minutes to
create the patch sets for the entire RFlex body and derive the safety factor (this time may
vary depending on your PC specifications). This may seem like a relatively long time, but
it can be decreased as follows:

a. Study the Von-Mises stress distribution in the RFlex/Contour and identify the
weak sections of the structure.

b. Set the patch sets for the weak sections only.

c. This method is essential if you need to derive fatigue results repeatedly while
varying the durability analysis conditions.
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Won Mises stress (Mpa)
Max at Mode 1910 time:0,035056
Min at Node 3 time:0,000000

b 4

.
+000  2.00e+000 4.00e+000 6.00e+000 8.00e+000 1.00e+001 1.20e+001 1.40e+001 1.60e+001 1.80e+001 2.00e+001

Checking_Point Checking_Point | Checking_Point

= The following table compares the safety factors derived from the four patch sets for the
initially chosen material ([Steel] 1020) and the new crankshaft material.

Minimum Safety Factor

Crankshaft material [Steel] 1020
Checking_Point_1 7.389 4,300
Checking_Point_2 13.340 8,361
Checking_Point_3 7.896 4.599

Checking_Point_4 3.403 3.329

= Since the proportional limit and the yield stress for the new crankshaft material are
greater than those for [Steel] 1020, the new crankshaft material has a higher safety
factor. Furthermore, you can see that the section where the smallest safety factor is
derived from is Checking_Point_4.

= In general, the Safety Factor in a structure can be expressed by the relationship between
the maximum stress and the yield stress. Assuming the maximum stress at
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Checking_Point_4 of the crankshaft used in this tutorial is 72 Mpa and the yield stress of
[Steel]1020 is 262 Mpa, then the safety factor could simply be expressed in
262/72=3.63. However, the result you got in this tutorial is 2.24, and you can see that
there is a difference.

If the crankshaft does not get dynamic loads in the engine but gets only static loads, then
it is significant to derive the safety factor with the yield stress and the maximum stress.
However, when it is the structure exhibiting dynamic behaviors such as the crankshaft,
the safety factor derived from fatigue analysis does become significant.

Thanks for participating in this tutorial
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